istics derived from a history and physical examination. Frailty is a known independent factor for postoperative morbidity, mortality, and length of stay, and has also been shown to increase the risk of postoperative delirium, institutionalization, and mortality in cardiac 9, 10 and general surgery patients. 11, 14, 15 As has been done in other surgical specialties, 4, 7, 17, 19 we hypothesized that we could generate a measure of frailty by using data from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) that would help stratify risk in patients undergoing spine surgery. The ACS NSQIP is the first nationally recognized, risk-adjusted, outcomes-based program to measure and improve the quality of surgical care. The program uses a prospective, peer-controlled, validated database to quantify 30-day risk-adjusted surgical outcomes, which allows comparison of outcomes among all hospitals in the program. For each patient, clinical nurse reviewers record 60 preoperative risk factors, 18 intraoperative factors, and 29 complications, including death, for 30 days postoperatively. Information after discharge is obtained through hospital and clinic medical document review as well as follow-up contact by letter and phone. Patient demographics include sex, race, functional status, and ASA score.
Recent publications have shown that the ACS NSQIP has implemented training and audit procedures for its hospital participants that are highly effective in collecting reliable data. Audit results show that data have been reliable since the program's inception and that reliability has improved every year. 3, 18 The CSHA-FI includes easily identified patient characteristics derived from a history and physical examination. Because the NSQIP database contains similar variables, frailty can be assessed using some of these CSHA-FI variables obtained from NSQIP data for various surgical populations.
In our study, 16 variables in the NSQIP database were matched to 11 corresponding items used in the CSHA-FI. These 11 variables were used to calculate the modified frailty index (mFI), a prevalidated risk assessment tool. 4, 7, 11, 16, 17, 19 The mFI was created by Tsiouris et al., 19 who conducted a comparison between the original CSHA-FI with variables measured in the NSQIP dataset. Eleven preoperative clinical NSQIP variables were identified that matched some of the original 71 CSHA-FI variables (Table 1). All of the variables were dichotomous (i.e., present or absent). To calculate the mFI, the presence of each variable equals 1 point, and the total points for each patient were divided by 11 to obtain the patient's mFI score (range 0-1.0). 4, 7, 14, 17, 19, 21 An increase in the mFI score implies increased frailty.
Thus, with the aid of this prevalidated risk assessment tool, we sought to determine whether the mFI was predictive of postoperative morbidity and mortality in a national sample of patients undergoing spine surgery.
methods
The 2006-2010 ACS NSQIP data sets were used to identify the neurosurgical population undergoing spinal surgeries based on Current Procedural Terminology (CPT) codes and surgeon specialty. This was done under the data user agreement of the ACS and with the approval of our institutional review board.
The occurrence of postoperative complications as well as 30-day mortality was analyzed in comparison with the mFI score. The postoperative complications analyzed were the 30-day rates of wound infection (defined as surgical site infection, including superficial, deep, and organ space infections); any infection (defined as wound infection, urinary tract infection, or pneumonia); Clavien IV complications (life-threatening complications requiring ICU admission as depicted in Table 2 ); and mortality. Clavien IV complications include pulmonary embolism, renal failure, failure to wean patient off ventilator, and stroke. Univariate analysis of the effect of the mFI score on each of the end points was performed. Chi-square analysis and For the purpose of analysis, any mFI score of ≥ 0.27 was classified into one category and was considered significantly frail. This cutoff of 0.27 was selected based on prior published work on the mFI. 4, 7, 11, 19 We also performed sensitivity analyses using other cutoff point scores in the mFI to define frailty ( Fig. 1 and Table 3) .
results
Of 18,294 patients who had spine surgery during the time period studied, 90.4% were white and 8.3% were African American; the remaining patients were classified as "other." Forty-eight percent were female and 51.7% were male. The most common ASA class was II, which accounted for 51.7% (n = 9461) of the patients; followed by ASA Class III, which accounted for 38.0% (n = 6967) of the patients. The most common spinal procedures performed are listed in Table 4 .
Eight percent of patients with an mFI of 0 had at least 1 infection, compared with 24.3% patients with an mFI of ≥ 0.27 (p < 0.001). An mFI of 0 was associated with a mortality rate of 0.1%, compared with 2.3% for an mFI of ≥ 0.27 (p < 0.001). Surgical site infections and Clavien IV complications occurred in 1.7% and 0.8%, respectively, of patients with an mFI of 0, compared with 4.1% and 7.1%, respectively, in patients with an mFI of ≥ 0.27 (p < 0.001 for both).
Nominal logistic regression showed that preoperative mFI and an ASA classification of ≥ III are independently associated with significantly increased risk of Clavien IV complications (Tables 3 and 5 , Figs. 1 and 2) . A higher mFI score had a greater (although not statistically significantly greater) odds ratio than a higher ASA class in predicting Clavien IV complications.
The sensitivity analysis involving alternative cutoff points for the mFI is illustrated in Table 3 and Fig.  1 . Alternative cutoff points of 0.09 and 0.18 also identify patients at higher risk of postsurgical complications; the higher the cutoff point, the greater the difference between patients with that level of frailty and patients with an mFI of 0 in the likelihood of postsurgical complications.
discussion
Several earlier studies have attempted to provide a risk score for patients undergoing spine surgery. However, most have focused on individual risk factors and surgery subtypes that contribute to greater morbidity and mortality.
1,2,5,12,13,22 One group evaluated a Surgical Apgar Score, based on intraoperative heart rate, blood loss, and blood pressure, as a predictor of 30-day morbidity and mortality, but it was not found to be a strong predictor. 20 The ASA classification has proven to be a reliable predictor of 30-day postoperative morbidity and mortality in spine surgery. 6 However, this study was from the Scoliosis Research Society, and so there was a high rate of instrumentation (70%-80% of cases) and greater complexity than in most practices. The NSQIP is more weighted toward lowercomplexity cases in spine surgery because such data are mostly collected at hospitals that do not have high enough volumes in general and vascular surgery alone to meet their minimum case volumes. Our analysis does not reflect the highly complex spinal procedures performed at a few specialized centers, but instead reflects the more routine spine surgeries commonly performed on a national level.
Our analysis is the first to demonstrate the utility of the ASA classification in predicting complications in spine surgeries of lower complexity (Table 4) , with a significant weighting toward lumbar discectomy. In addition, we found that assessment of frailty is an independent predictor of morbidity and mortality, as shown by multivariate logistic regression. Figures 1 and 2 show the linearity of the prediction. We elected to use 0.27 as the cutoff point of frailty as a compromise. A higher cutoff point would have included moderately to severely frail patients only. As a result we would have reached a greater statistical significance, but the results may have been less clinically relevant, since elective spine surgery is generally not offered to individuals in such poor health. Lower cutoff points would have led to less significant results due to the combination of moderately and severely frail patients with mildly frail patients. Several prior studies in different surgical disciplines have used the same cutoff point for similar reasons. 4, 7, 17, 19 A frailty index has been demonstrated to predict postoperative outcomes in general surgery patients. 11 A frailty measure developed by Makary et al. composed of 5 aspects (weakness, weight loss, exhaustion, low physical activity, and decreased speed of walking) was applied to patients age ≥ 65 years who underwent elective surgery over a 1-year period. The investigators' results indicated that preoperative frailty was an independent predictor of postoperative complications, increased length of stay, and discharge to a skilled nursing or assisted-living facility. 11 The effect of frailty on outcomes has been assessed by multivariate regression analysis adjusted for ASA class in several studies. 4, 7, 11, 19 Frailty retained the highest odds ratio for both Clavien IV and V complications in multivariate analysis compared with ASA class. 4, 7, 11, 19 To our knowledge, no studies have investigated frailty as a predictor of surgical outcome in patients undergoing spine surgery.
In our study, we elected to use an mFI based on the CSHA-FI and the data available on NSQIP. Although we did not use the entire original index, prior studies have shown that a satisfactory risk assessment can be made using fewer patient variables and is adequate in generating a satisfactory risk assessment. 16, 17 It has been reported that when using the CSHA-FI, a combination of any 10 items from the index resulted in a similar predictive value for the calculated frailty score. 16 Pairing the original 70-item CSHA-FI to an 11-item mFI is more practical and requires less time to obtain the data and perform the analysis. All of these elements are collected in a routine review of systems. In addition, the variables evaluated in the mFI do not require physicians to conduct objective measurements but instead to use trained abstractors called surgical clinical reviewers (SCRs) for this purpose. This helps avoid issues with test-retest variability and interrater reliability.
We demonstrated in this study that the mFI score is an independent predictor of postoperative morbidity and mortality from spine surgery in this population. Although this study does not demonstrate superiority or inferiority of the mFI relative to the ASA in this population, we demonstrated a trend toward a greater odds ratio of developing a severe complication with mFI-with a cutoff of 0.27-than with ASA. Given these results, the mFI appears to be a valuable predictive tool, adding to our clinical armamentarium of preoperative risk assessment. We are confident that this will allow the surgeon to make decisions regarding patient selection more effectively and will assist in preoperative counseling of both patients and their families.
We recognize that the retrospective nature of our study can be considered a weakness. Future studies should focus on prospective validation and analysis of the mFI. In addition, it is likely that the predictive value of the mFI will vary based on the complexity of the different procedures. A subset analysis will certainly prove helpful for further delineation, because the morbidity of different spine surgeries is heavily dependent on the disease process, the number of levels operated on, and the usage of hardware.
Conclusions
The mFI can successfully predict the postoperative morbidity and mortality for patients undergoing spine sur- gery. It is based on easily identifiable preoperative variables that can be gathered on a standard preoperative visit and do not require the involvement of trained physicians. It is a useful tool for risk stratification and serves as an objective measure to help describe potential risks of spine surgery to patients and their families.
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